###### Strengths and limitations of this study

-   This study used data from a prospective community-based long-term follow-up study.

-   The study included comprehensive risk factors (sociodemographic, behavioural and metabolic factors, and health service and medication utilisation) associated with mortality.

-   A thorough characterisation of risk factors and their contribution to all-cause mortality was conducted.

-   Missing covariates values were main limitations of this study.

Introduction {#s1}
============

Globally, an estimated 55.9 million deaths occurred in 2017, of which 73.4% were due to non-communicable chronic diseases (NCDs). Cardiovascular diseases (CVDs) (17.8 million), cancer (9.6 million) and chronic respiratory diseases (3.9 million) were the leading causes of death. In high-income countries, of 9.7 million deaths in 2017, 88.8% were due to NCDs. Nine in 10 of 170 873 deaths that occurred were due to NCDs.[@R1] In Australia, half of deaths that occurred among people less than 75 years in 2016 were premature.[@R2] Behavioural, metabolic and environmental/occupational factors contributed to most of the deaths in high-income countries including Australia.[@R3]

In high-income countries, social inequalities, as indicated by educational status, occupational class or income level, continue to be a major contributor to premature deaths.[@R4] In addition, behavioural factors are major contributors. Studies have shown that social inequalities could have an impact on behavioural and metabolic risk factors[@R5] eventually increasing the susceptibility to chronic diseases and premature deaths. Previous studies have demonstrated that social inequalities,[@R4] psychosocial factors,[@R9] behavioural[@R8] and metabolic risk factors[@R11] are important predictors of all-cause mortality. However, these studies either did not have adequate follow-up time, used only one or two clusters of factors (sociodemographic, behavioural, metabolic or clinical data), did not comprehensively consider all predictors or were not community based. In addition, the studies did not evaluate the role of residential area in predicting mortality and modifying the association between other factors and mortality.

The aim of this study was to explore in detail the association of sociodemographic and behavioural characteristics, metabolic factors, chronic conditions, medication use and health service utilisation with all-cause mortality in a community-dwelling population cohort followed for nearly two decades. We systematically explored the role of clusters of factors (sociodemographic, behavioural, metabolic and chronic conditions) in predicting all-cause mortality. We also estimated the association by population subgroups (sex and age) and investigated the relative contribution of factors predicting mortality and effect modification by participants' characteristics.

Methods {#s2}
=======

Study design and population {#s2-1}
---------------------------

We used data from the North West Adelaide Health Study (NWAHS), which is a community-based longitudinal biomedical study in the Northern and Western suburbs of the city of Adelaide, South Australia. One-third of the South Australian (SA) population and half of the metropolitan area of the Adelaide Central Business District were included in the Northern and Western regions at baseline ([figure 1](#F1){ref-type="fig"}).

![Map of the study area. NWAHS, North West Adelaide Health Study.](bmjopen-2019-030079f01){#F1}

The purpose of NWAHS was to collect social, behavioural, clinical and biomedical data to support decision and policy-making. The details of the study are published elsewhere.[@R14] In brief, three stages of data collection were undertaken---each occurred approximately 5 years apart (1999--2003, 2004--2006 and 2008--2010). Participants were randomly recruited using computer-assisted telephone interviews (CATI). Initially, phone numbers from the Northern and Western part of Adelaide (South Australia), which were connected to a landline telephone, were randomly selected using the Adelaide telephone directory (electronic 'White Pages') with no replacement for non-response excluding businesses and disconnected numbers (eligible sample N=8213). Individuals residing in the selected household aged 18 years and over were candidates for the study. All covariates used in this study were collected at stage 1 by CATI, survey questionnaires and clinical assessment (N=4056). At stage 1, complete data on all covariates of interest were available to 3214 participants ([figure 2](#F2){ref-type="fig"}).

![Sample description. BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; FEV, forced expiratory volume; HbA1c, glycosylated haemoglobin; HSU, health service utilisation; PAL, physical activity level.](bmjopen-2019-030079f02){#F2}

Covariates {#s2-2}
----------

Questionnaires were used to determine baseline characteristics including sociodemographics (place of residence, age, sex, country of birth, educational status, marital status, income and Socioeconomic Indexes for Areas (SEIFA)), behavioural factors (alcohol risk,[@R15] smoking and physical activity level (PAL)[@R16]) and doctor diagnosed chronic health conditions (mental health, depression and CVD, including myocardial infarction, angina, stroke, transient ischaemic attack), medication (medication for hypertension, respiratory diseases and high cholesterol) and health service utilisation in the 12 months prior to data collection. SEIFA scores were summarised in five quintiles, the first indicating the least advantaged. SEIFA is an index developed by the Australian Bureau of Statistics and ranks areas in Australia according to socioeconomic advantage and disadvantage.[@R18]

Clinic assessments included anthropometry, postbronchodilator spirometry (for percentage of predicted forced expiratory volume in 1 s (FEV~1~) (per cent predicted FEV~1~)) and measures of blood pressure as previously described.[@R14] A fasting blood sample was drawn for measures of glucose and glycated haemoglobin (HbA1c), however, we used HbA1c in preference to glucose as an indicator of glycaemic control because it indicates blood sugar levels over the previous weeks to months compared with a fasting glucose level.[@R20] Diabetes was determined by self-report of a doctor diagnosis or fasting plasma glucose ≥7.0 mmol/L.

Outcome assessment {#s2-3}
------------------

We used mortality data from SA public hospitals, and registries including SA births, deaths and marriages, the National Death Index, and the NWAHS stages 2 and 3. The mortality datasets consisted of participants' identification number (assigned at stage 1 of NWAHS), date of death and cause of death based on the International Classification of Disease-10 classification.

A total of 637 participants died during the follow-up time. We were unable to determine the exact date of death for 23 deceased participants. Hence, we used 614 deceased cases for mortality rate analysis. After excluding participants with missing covariates and those who were classified as underweight (n=44), 432 deceased participants were included in the final analysis ([figure 1](#F1){ref-type="fig"}). Participants were censored at the date of death if they were deceased or at the last date of update (15 August 2018) otherwise.

Statistical analysis {#s2-4}
--------------------

χ^2^ (categorical variables) and analysis of variance (normally distributed continuous variables) tests were used where appropriate to compare differences in proportions and means of groups at baseline by region of residence. Time to the incident event was determined as the time from date of NWAHS baseline clinical assessment to mortality. Follow-up was censored at the date of death or end of follow-up whichever came first.

We calculated the incidence rate (per 1000 person-years) of mortality by selected covariates (region of residence, sex, income and diabetes status) of residence and the log-rank test was used to investigate the differences. In addition, Kaplan-Meier survival estimates were calculated over the follow-up time.

To assess the association of covariates with incident mortalities, hazard ratios (HRs) were determined using Cox proportional hazard regression models. Underweight participants (n=44) were excluded from this analysis because of the possibility of reverse causality, as these participants could have end-stage debilitating diseases leading to death soon after baseline data collection that might bias effect estimates. Variables with p≤0.25 in the univariate Cox regression were included in the multivariable models. To identify important predictors of mortality, four models were developed: model 1 was adjusted for region, age, sex, educational status, income, SEIFA and country of birth; model 2 was additionally adjusted for smoking, physical activity and alcohol intake; Model 3 was additionally adjusted for body mass index (BMI), per cent predicted FEV~1~ and HbA1c; model 4 was additionally adjusted for mental health status, depression, hypertension, diabetes, CVD, hypertension medication, respiratory medication, cholesterol-lowering drug use and health service utilisation. To investigate clustering of mortality by postal code, we performed a Cox regression analysis with shared frailty.

We calculated proportion of reduction in HR of income after adjusting for behavioural, metabolic, chronic conditions, medication and health service utilisation. This was calculated as: (HR (model 1)-HR (model 2 or 3 or 4)/1-HR (model 1))\*100. The change in HR was interpreted as to the extent of association between income and all-cause mortality that was accounted for by the other factors.[@R21]

We investigated sex-specific and age-specific (\<65 years and older ≥65 years) association of each variable with all-cause mortality to identify predictors of mortality among younger (\<65 years) and older (≥65 years) participants. We tested interactions among covariates using multiplicative terms in the last model (model 4). The assumption of proportionality was tested using different approaches, including a global test based on Schoenfeld residuals, log-rank test and graphical methods. All tests indicated that the proportionality assumptions were not violated. For each model, we additionally checked the model specifications, goodness-of-fit and predictive performance using the Breslow method, Cox-Snell residual method, Harrell's C and Somers' D indices.[@R22] Whereas the Harrell's C index a measure of area under the curve for survival data, Homers' D-index indicates the predictive performance of models. We also calculated the Akaike and Bayesian information criteria. The Breslow method indicated that the models were correctly specified. Furthermore, the models were evaluated for multicollinearity. Statistical analyses were performed using Stata V.15.1 (Stata). All p values are two sided and considered significant if p\<0.05.

Sensitivity analysis {#s2-5}
--------------------

In addition to the main analysis, we conducted five sensitivity analysis using model 4 to check the robustness of the model and validate our findings. First, we excluded participants who were followed only for the first 2 years. Second, we excluded those who moved in/out of/from North and/or West (n=292) using data from stages 2 and 3. Third, we included 'missing' as variable categories for those missing values and investigated the association between predictors and the outcome. Fourth, we performed a multiple imputation for exercise level (n=383), income (n=229) and education (n=148) as these had the highest proportion of missing values. Finally, we limited our analysis (model 4) for those who had no diabetes and CVD at baseline) and those who did not take medications (antihypertensive and respiratory disease medications, and cholesterol-lowering drugs).

Patient and public involvement {#s3}
==============================

This is a population-based study examining randomly selected residents of Adelaide, South Australia. The results of the study have been disseminated to participants broadly using various means including newsletters and community presentations. In addition, individual participants were informed about the results of their clinical assessments.

Results {#s4}
=======

Baseline characteristics {#s4-1}
------------------------

[Table 1](#T1){ref-type="table"} shows the baseline characteristics of study participants by region. Of the 4056 study participants enrolled, missing data of at least one covariate were found in 791 (19.5%) participants. PAL (n=383), income (n=229) and educational status (n=148) had the most common missing values. The mean (SD) age and range at the baseline were 50.4 (16.9) and 18--90 years, respectively. Less than half (47.8%) of the participants were men. More than two-thirds (68.5%) of the participants were born in Australia and one-third (36.9%) were in the first (lowest) quintile of SEIFA. A quarter (25.5%) had a sedentary life (no physical activity) and 22.0% were current smokers. The prevalence of obesity was 28.6%. Mean (SD) systolic blood pressure was 128 mm Hg (19.0). Fourteen per cent reported a doctor had diagnosed mental health problem. The prevalence of diabetes and CVD was 8.0%. Eight per cent and 5.2% of the participants used antihypertensive and cholesterol lowering medications, respectively. A significant difference by region of residence was observed for age, country of birth, educational status, income, SEIFA, smoking status, PAL, BMI category, per cent predicted FEV~1~, HbA1c, health service utilisation, hypertension and respiratory medication use.

###### 

Baseline characteristics of study participants (stage 1, n=4056)

  ----------------------------------------------------------------------------------------------------------------------------------------
                                                                               Total          Western region   Northern region   P value
  -------------------------------------------- ------------------------------- -------------- ---------------- ----------------- ---------
  Variable                                     Category                        N=4056         N=2297\          N=1759 (43.4%)    
                                                                                              (56.6%)                            

  Age\*                                                                        50.4 (16.4)    51.3 (16.9)      49.2 (15.8)       \<0.001

  Sex†                                         Men                             1937 (47.8%)   1098 (47.8%)     839 (47.7%)       0.950

  Country of birth†                            Australia                       2777 (68.5%)   1703 (74.1%)     1074 (61.1%)      \<0.001

  The UK or Ireland                            700 (17.3%)                     219 (9.5%)     481 (27.3%)                        

  Europe, the USSR and the Baltic states       394 (9.7%)                      256 (11.1%)    138 (7.8%)                         

  Other                                        164 (4.0%)                      105 (4.6%)     59 (3.4%)                          

  Missing                                      21 (0.5%)                       14 (0.6%)      7 (0.4%)                           

  Education status†                            Up to secondary                 1749 (43.1%)   915 (39.8%)      834 (47.4%)       \<0.001

  Trade/apprenticeship                         684 (16.9%)                     381 (16.6%)    303 (17.2%)                        

  Certificate/diploma                          1002 (24.7%)                    557 (24.2%)    445 (25.3%)                        

  Bachelor degree or higher                    473 (11.7%)                     362 (15.8%)    111 (6.3%)                         

  Missing                                      148 (3.6%)                      82 (3.6%)      66 (3.8%)                          

  Income per year†                             Up to US\$20 000                1193 (29.4%)   691 (30.1%)      502 (28.5%)       \<0.001

  US\$20 001--US\$40 000                       1029 (25.4%)                    544 (23.7%)    485 (27.6%)                        

  US\$40 001--US\$60 000                       799 (19.7%)                     419 (18.2%)    380 (21.6%)                        

  US\$60 001--US\$80 000                       408 (10.1%)                     242 (10.5%)    166 (9.4%)                         

  More than US\$80 000                         398 (9.8%)                      283 (12.3%)    115 (6.5%)                         

  Missing                                      229 (5.6%)                      118 (5.1%)     111 (6.3%)                         

  SEIFA†                                       Lowest quintile                 1495 (36.9%)   702 (30.6%)      793 (45.1%)       \<0.001

  Low quintile                                 813 (20.0%)                     451 (19.6%)    362 (20.6%)                        

  Middle quintile                              1098 (27.1%)                    508 (22.1%)    590 (33.5%)                        

  High quintile                                527 (13.0%)                     516 (22.5%)    11 (0.6%)                          

  Highest quintile                             123 (3.0%)                      120 (5.2%)     3 (0.2%)                           

  Alcohol risk†                                Non-drinkers (no risk)          2152 (53.1%)   1182 (51.5%)     970 (55.1%)       0.058

  Low risk                                     1648 (40.6%)                    969 (42.2%)    679 (38.6%)                        

  Intermediate to very high risk               223 (5.5%)                      126 (5.5%)     97 (5.5%)                          

  Missing                                      33 (0.8%)                       20 (0.9%)      13 (0.7%)                          

  Smoking status†                              Non-smoker                      1819 (44.8%)   1094 (47.6%)     725 (41.2%)       \<0.001

  Ex-smoker                                    1321 (32.6%)                    724 (31.5%)    597 (33.9%)                        

  Current smoker                               892 (22.0%)                     462 (20.1%)    430 (24.4%)                        

  Missing                                      24 (0.6%)                       17 (0.7%)      7 (0.4%)                           

  PAL†                                         Sedentary                       1035 (25.5%)   535 (23.3%)      500 (28.4%)       \<0.001

  Low exercise level                           1346 (33.2%)                    761 (33.1%)    585 (33.3%)                        

  Moderate exercise level                      915 (22.6%)                     561 (24.4%)    354 (20.1%)                        

  High exercise level                          377 (9.3%)                      238 (10.4%)    139 (7.9%)                         

  Missing                                      383 (9.4%)                      202 (8.8%)     181 (10.3%)                        

  BMI category†                                Underweight (\<18.50 kg/m^2^)   44 (1.1%)      27 (1.2%)        17 (1.0%)         \<0.001

  Normal (18.50--24.99 kg/m^2^)                1291 (31.8%)                    784 (34.1%)    507 (28.8%)                        

  Overweight (25.00--29.99 kg/m^2^)            1559 (38.4%)                    896 (39.0%)    663 (37.7%)                        

  Obese (≥30.00 kg/m^2^)                       1159 (28.6%)                    589 (25.6%)    570 (32.4%)                        

  Missing                                      3 (0.1%)                        1 (0.0%)       2 (0.1%)                           

  Systolic blood pressure (mm Hg)\* (n=4055)                                   128.0 (19.0)   12.7 (1.9)       12.9 (1.9)        0.072

  \% predicted FEV~1~\* (n=4010)                                               100.1 (17.0)   9.9 (1.7)        10.2 (1.7)        \<0.001

  HbA1c (%)\* (n=4003)                                                         5.6 (0.8)      5.7 (0.7)        5.4 (0.8)         \<0.001

  Mental health problem†                       Yes                             586 (14.4%)    313 (13.6%)      273 (15.5%)       0.140

  Missing                                      36 (0.9%)                       36 (1.6%)      0 (0.0%)                           

  Depression†                                  Yes                             328 (8.1%)     173 (7.5%)       155 (8.8%)        0.180

  Missing                                      36 (0.9%)                       36 (1.6%)      0 (0.0%)                           

  Diabetes†                                    Yes                             324 (8.0%)     174 (7.6%)       150 (8.5%)        0.270

  Missing                                      15 (0.4%)                       8 (0.3%)       7 (0.4%)                           

  CVD†                                         Yes                             326 (8.0%)     192 (8.4%)       134 (7.6%)        0.380

  Missing                                      6 (0.1%)                        6 (0.3%)       0 (0.0%)                           

  Hypertension medication†                     Yes                             314 (7.7%)     212 (9.2%)       102 (5.8%)        \<0.001

  Respiratory disease medication†              Yes                             132 (3.3%)     95 (4.1%)        37 (2.1%)         \<0.001

  Cholesterol lowering drugs†                  Yes                             212 (5.2%)     126 (5.5%)       86 (4.9%)         0.400

  Health service use\* (n=4047)                                                2.4 (1.5)      2.4 (1.5)        2.3 (1.5)         0.003
  ----------------------------------------------------------------------------------------------------------------------------------------

Data are presented as mean (SD) for continuous measures, and n (%) for categorical measures.

\*Analysis of variance.

†X^2^ test.

BMI, body mass index; CVD, cardiovascular disease; FEV~1~, forced expiratory volume in 1 s; HbA1c, glycosylated haemoglobin; PAL, physical activity level; SEIFA, Socioeconomic Indexes for Areas; USSR, Union of Soviet Socialist Republics.

All-cause mortality rates {#s4-2}
-------------------------

A total of 64 689.7 person-years from 4033 participants with 18.7 years of follow-up were generated. The median follow-up time was 17.7 years. In the mortality rate analysis, 614 deaths were included. The overall crude death rate was 9.6 (95% CI 8.9 to 10.4) per 1000 person-years. Mortality rates by selected variables are depicted in [online supplementary table 1](#SP1){ref-type="supplementary-material"}. The crude mortality rate in the Western region was higher (10.7; 95% CI 9.7 to 11.9; per 1000 person-years) than the Northern (8.2; 95% CI 7.2 to 9.4). The mortality rate was 12.1 (95% CI 10.9 to 13.4) in men and 7.5 (95% CI 6.6 to 8.4) per 1000 person-years in women. Ex-smokers had higher mortality rate (13.3 (95% CI 11.8 to 15.0) per 1000 person-years) compared with non-smokers (8.0; 95% CI 7.0 to 9.1) and current smokers (7.8; 95% CI 6.5 to 9.4). Mortality rate was significantly higher in those who took medications to manage hypertension, respiratory disease and cholesterol compared with those who did not take these medications.
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Kaplan-Meier survival estimates and log-rank $x^{2}$ test for sex, income, region of residence and diabetic status are depicted in [figure 3](#F3){ref-type="fig"}.

![Kaplan-Meier survival estimate curve, life table and Log-rank $x^{2}$ test for sex, income, region of residence and diabetes status (N=4033; 614 deaths).](bmjopen-2019-030079f03){#F3}

Predictors of all-cause mortality {#s4-3}
---------------------------------

Adjusted HRs for 18-year mortality by baseline characteristics in four models are shown in [table 2](#T2){ref-type="table"}. In model 1 (adjusted for sociodemographic characteristics), sex, income and SEIFA were found to be significantly associated with risk of mortality. Women had a 43% (HR 0.57; 95% CI 0.45% to 0.71%) reduced risk of mortality compared with their male counterparts. Higher income was associated with increased survival. There was a 30% (HR 0.70; 95% CI 0.50% to 0.99%) reduction in risk of mortality for participants in the high quintile compared with lowest quintile of SEIFA. In model 2 (adjusted for sociodemographic and behavioural factors), smoking and PAL were significantly associated with mortality, in addition to sex, income and SEIFA. There was an increased risk of mortality for ex-smokers (HR 1.34; 95% CI 1.07 to 1.68) and current smokers (2.31; 95% CI 1.70 to 3.16) compared with non-smokers. Compared with participants who lived a sedentary life, those who did moderate exercise had a significantly lower risk of mortality (HR 0.50; 95% CI 0.38 to 0.66).

###### 

Associations (HRs and 95% CI) between participants\' characteristics and mortality (n=3214; 432 deaths)

  Variable                                        Category                        Model 1                   Model 2                   Model 3                   Model 4
  ----------------------------------------------- ------------------------------- ------------------------- ------------------------- ------------------------- -------------------------
  Region                                          Western region                  1.00                      1.00                      1.00                      1.00
  Northern region                                 0.83 (0.66 to 1.05)             0.81 (0.65 to 1.02)       0.87 (0.70 to 1.10)       0.87 (0.69 to 1.10)       
  Age                                                                             1.05 (0.98 to 1.12)       1.05 (0.98 to 1.12)       1.02 (0.96 to 1.09)       1.02 (0.95 to 1.09)
  Age x age                                                                       1.00 (1.00 to 1.00)       1.00 (1.00 to 1.00)       1.00\* (1.00 to 1.00)     1.00\* (1.00 to 1.00)
  Sex                                             Men                             1.00                      1.00                      1.00                      1.00
  Wemen                                           0.57\*\* (0.45 to 0.71)         0.57\*\* (0.44 to 0.74)   0.59\*\* (0.45 to 0.77)   0.58\*\* (0.44 to 0.76)   
  Country of birth                                Australia                       1.00                      1.00                      1.00                      1.00
  UK or Ireland                                   1.23 (0.97 to 1.57)             1.21 (0.95 to 1.53)       1.20 (0.94 to 1.52)       1.24 (0.97 to 1.58)       
  Europe, the USSR and the Baltic states          0.95 (0.71 to 1.28)             0.92 (0.68 to 1.23)       0.98 (0.73 to 1.32)       0.98 (0.72 to 1.33)       
  Other                                           0.74 (0.36 to 1.51)             0.77 (0.38 to 1.56)       0.74 (0.36 to 1.50)       0.72 (0.35 to 1.47)       
  Education status                                Up to secondary                 1.00                      1.00                      1.00                      1.00
  Trade/apprenticeship                            1.08 (0.83 to 1.40)             1.14 (0.88 to 1.48)       1.07 (0.83 to 1.40)       1.09 (0.84 to 1.42)       
  Certificate/diploma                             1.12 (0.87 to 1.43)             1.24 (0.96 to 1.60)       1.24 (0.96 to 1.60)       1.22 (0.94 to 1.58)       
  Bachelor degree or higher                       1.04 (0.65 to 1.67)             1.16 (0.72 to 1.86)       1.14 (0.71 to 1.82)       1.16 (0.72 to 1.86)       
  Marital status                                  Married/living with partner     1.00                      1.00                      1.00                      1.00
  Separated/divorced                              0.81 (0.57 to 1.14)             0.71 (0.50 to 1.00)       0.71 (0.50 to 1.01)       0.69\* (0.48 to 0.98)     
  Widowed                                         0.96 (0.74 to 1.24)             0.90 (0.69 to 1.16)       0.91 (0.70 to 1.17)       0.89 (0.69 to 1.16)       
  Never married                                   1.09 (0.70 to 1.71)             1.01 (0.64 to 1.59)       0.97 (0.62 to 1.53)       0.95 (0.60 to 1.49)       
  Income per year                                 Up to US\$20 000                1.00                      1.00                      1.00                      1.00
  US\$20 001--US\$40 000                          0.68\*\* (0.53 to 0.87)         0.66\*\* (0.52 to 0.85)   0.69\*\* (0.54 to 0.89)   0.70\*\* (0.55 to 0.91)   
  US\$40 001--US\$60 000                          0.58\*\* (0.40 to 0.86)         0.59\*\* (0.40 to 0.87)   0.65\* (0.44 to 0.96)     0.67\* (0.46 to 0.99)     
  US\$60 001--US\$80 000                          0.57 (0.32 to 1.02)             0.64 (0.36 to 1.13)       0.70 (0.39 to 1.25)       0.71 (0.40 to 1.28)       
  More than US\$80 000                            0.37\*\* (0.18 to 0.75)         0.42\* (0.21 to 0.86)     0.47\* (0.23 to 0.96)     0.49\* (0.24 to 1.00)     
  SEIFA                                           Lowest quintile                 1.00                      1.00                      1.00                      1.00
  Low quintile                                    1.11 (0.84 to 1.46)             1.10 (0.84 to 1.45)       1.09 (0.83 to 1.44)       1.09 (0.82 to 1.43)       
  Middle quintile                                 1.00 (0.79 to 1.27)             1.07 (0.84 to 1.37)       1.06 (0.83 to 1.35)       1.04 (0.82 to 1.33)       
  High quintile                                   0.70\* (0.50 to 0.99)           0.70\* (0.49 to 0.98)     0.67\* (0.47 to 0.95)     0.65\* (0.46 to 0.93)     
  Highest quintile                                0.97 (0.59 to 1.61)             1.07 (0.64 to 1.78)       1.04 (0.62 to 1.74)       1.08 (0.64 to 1.82)       
  Alcohol risk                                    Non-drinkers (no risk)                                    1.00                      1.00                      1.00
  Low risk                                                                        1.05 (0.82 to 1.35)       1.10 (0.86 to 1.40)       1.14 (0.89 to 1.47)       
  Intermediate to very high risk                                                  1.12 (0.70 to 1.77)       1.17 (0.74 to 1.86)       1.17 (0.73 to 1.86)       
  Smoking status                                  Non-smoker                                                1.00                      1.00                      1.00
  Ex-smoker                                                                       1.34\* (1.07 to 1.68)     1.27\* (1.01 to 1.60)     1.22 (0.97 to 1.54)       
  Current smoker                                                                  2.31\*\* (1.70 to 3.16)   2.09\*\* (1.52 to 2.87)   2.00\*\* (1.45 to 2.76)   
  PAL                                             Sedentary                                                 1.00                      1.00                      1.00
  Low exercise level                                                              0.82 (0.65 to 1.04)       0.87 (0.69 to 1.10)       0.89 (0.70 to 1.13)       
  Moderate exercise level                                                         0.50\*\* (0.38 to 0.66)   0.55\*\* (0.42 to 0.72)   0.55\*\* (0.42 to 0.72)   
  High exercise level                                                             0.89 (0.61 to 1.31)       0.97 (0.66 to 1.42)       0.97 (0.66 to 1.43)       
  BMI category                                    Normal (18.50--24.99 kg/m^2^)                                                       1.00                      1.00
  Overweight (25.00--29.99 kg/m^2^)                                                                         0.76\* (0.60 to 0.97)     0.74\* (0.58 to 0.94)     
  Obese (≥30.00 kg/m^2^)                                                                                    0.94 (0.72 to 1.23)       0.89 (0.68 to 1.17)       
  Systolic blood pressure per 10 mm Hg increase                                                                                       1.04 (0.98 to 1.09)       1.04 (0.98 to 1.09)
  FEV (%) per 10% increase                                                                                                            0.93\*\* (0.89 to 0.98)   0.92\*\* (0.87 to 0.97)
  HbA1c                                                                                                                               1.18\*\* (1.05 to 1.32)   1.08 (0.94 to 1.25)
  Mental health problem                           No                                                                                                            1.00
  Yes                                                                                                                                 0.91 (0.56 to 1.50)       
  Depression                                      No                                                                                                            1.00
  Yes                                                                                                                                 1.58 (0.87 to 2.87)       
  Diabetes                                        No                                                                                                            1.00
  Yes                                                                                                                                 1.37 (0.98 to 1.92)       
  CVD                                             No                                                                                                            1.00
  Yes                                                                                                                                 1.27 (0.99 to 1.62)       
  Hypertension medication                         No                                                                                                            1.00
  Yes                                                                                                                                 1.24 (0.96 to 1.62)       
  Respiratory disease medication                  No                                                                                                            1.00
  Yes                                                                                                                                 0.70 (0.43 to 1.13)       
  Cholesterol lowering drug                       No                                                                                                            1.00
  Yes                                                                                                                                 0.76 (0.54 to 1.08)       
  Health service utilisation                                                                                                                                    1.04 (0.97 to 1.10)
  Akaike information criterion                                                    6020.1                    5976.9                    5959.3                    5956.3
  Bayesian information criterion                                                  6147.7                    6147.0                    6159.8                    6205.4
  Harrell's C index                                                               86.3%                     87.0%                     87.4%                     87.6%
  Somers\' D index                                                                72.6%                     74.0%                     74.8%                     75.1%

Model 1 was adjusted for sociodemographic factors (region, age, sex, educational status, income, SEIFA and country of birth); model 2 was additionally adjusted for behavioural factors (smoking, physical activity and alcohol intake); model 3 was additionally adjusted formetabolic factors (BMI, systolic blood pressure, FEV and HbA1c); model 4 was additionally adjusted for health status, medication use and health service utilisation (mental health status, depression, diabetes, cardiovascular disease, hypertension medication, respiratory medication, cholesterol lowering drug use and health service utilisation).

\*P\<0.05, \*\*P\<0.01.

BMI, body mass index; CVD, cardiovascular disease; FEV~1~, forced expiratory volume in 1 s; HbA1c, glycosylated haemoglobin; PAL, physical activity level; SEIFA, Socioeconomic Indexes for Areas; USSR, Union of Soviet Socialist Republics.

The extent of an association between income and mortality accounted for by behavioural and metabolic factors, chronic conditions and medication use is shown in [online supplementary table 2](#SP1){ref-type="supplementary-material"}. A higher proportion of an association between income and mortality was explained by behavioural factors in men than women. Among participants ≥65 years of age and in the highest income categories (US\$60 001--US\$80 000 and \>US\$80 000), 22.2% and 21.4% of the association was accounted for by behavioural factors, respectively.

After adjusting for sociodemographic, behavioural and metabolic risk factors (model 3), mortality was significantly associated with income, SEIFA, smoking status and PAL, BMI, per cent predicted FEV~1~ and HbA1c. Compared with normal weight participants, those who were overweight and obese had a 24% (0.76; 95% CI 0.60% to 0.97%) and an 11% (HR 0.89; 95% CI 0.61% to 1.31%) reduction in risk of mortality, respectively. Whereas a 10% increase in lung function (per cent predicted FEV~1~) was associated with a 7% (HR 0.93; 95% CI 0.89% to 0.98%) reduced mortality risk, a unit increase in HbA1c increased the risk by 18% (HR 1.18; 95% CI 1.05% to 1.32%) ([table 2](#T2){ref-type="table"}).

In model 4 (additionally adjusted for disease condition, medication and health service utilisation), reduced risk of mortality was associated with being separated or divorced, residence in the highest SEIFA quintile, engaging in moderate exercise, being overweight (BMI: 25.0--29.90 kg/m^2^) and per 10% increase in per cent predicted FEV~1~. There was a 100% (HR 2.00; 95% CI 1.45% to 2.76%) increase in risk of mortality of current smokers compared with non-smokers. The predictive performance (Somers' D index) of all models was more than 72% with a maximum of 75.1% for the final model ([table 2](#T2){ref-type="table"}). We did not find clustering of mortality by postal code (data not shown).

Sex-specific models are given in [online supplementary tables 3 and 4](#SP1){ref-type="supplementary-material"}. Separated/divorced men, but not women, had a significantly lower risk of all-cause mortality (HR 0.57; 95% CI 0.34 to 0.94) compared with those who were married or partnered (model 4). Whereas being an ex-smoker significantly increased the risk of mortality by 71% (HR 1.71; 95% CI 1.15% to 2.54%) compared with non-smokers in women, no association was found in men (HR 1.05; 95% CI 0.78 to 1.42). However, being a current smoker, compared with non-smoker, increased the risk of mortality in both sexes. The risk for current smokers increased by 138% (HR 2.38; 95% CI 1.41% to 4.00%) in women and 85% (HR 1.85; 95% CI 1.21% to 2.83%) in men. Moderate exercise level was found to be a protective factor against all mortality in both sexes. Compared with female participants who had a normal weight, women who were overweight had significantly lower risk of mortality (HR 0.63; 95% CI 0.42 to 0.96). There was no significant association between BMI and all-cause mortality in men (HR 0.84; 95% CI 0.58 to 1.22).

Age-stratified (\<65 and ≥65 years of age) associations between covariates and all-cause mortality are shown in [online supplementary tables 5 and 6](#SP1){ref-type="supplementary-material"}. Income, smoking and per cent predicted FEV~1~ were significant predictors of mortality among participants less than 65 years. Sex, SEIFA, smoking status, PAL, BMI and hypertension medications significantly predicted all-cause mortality in older age group (model 4).

We found a significant interaction between diabetic status with region (HR 1.93; 95% CI 1.15 to 3.22); p~interaction~=0.012) and depression (HR 3.69; 95% CI 1.61 to 8.50; p=0.002) in predicting all-cause mortality. Diabetes was more strongly associated with all-cause mortality in residents in the North than West. Similarly, diabetes was more strongly associated with all-cause mortality in depressed participants than in non-depressed (model 4).

All sensitivity analyses (using model 4) made little or no difference to estimated associations between predictors and all-cause mortality (data not shown). Correlation among covariates used in model 4 is shown in [online Supplementary table 7](#SP1){ref-type="supplementary-material"}.

Discussion {#s5}
==========

In this study, we comprehensively explored the role of sociodemographic and behavioural characteristics, metabolic and chronic conditions, medication and health service utilisation in predicting all-cause mortality in a community-dwelling population followed over nearly two decades. To our knowledge, this is the first study of its kind to investigate the long-term (18 years) mortality risk and its associated factors at a community level with a comprehensive assessment of participants' characteristics that included social, behavioural, metabolic and clinical data. We demonstrated that the most important predictors of all-cause mortality were sociodemographic and behavioural characteristics. In addition, predictors of mortality varied by sex and age brackets. We also found that the mortality risk of diabetic participants was modified by place of residence and depression. The study highlights the need to address social inequalities and strengthen behavioural interventions for different subgroups of population to prevent premature deaths.

Sociodemographic predictors {#s5-1}
---------------------------

It is not surprising that the risk of all-cause mortality among women was lower than men in our study, especially in the older age group (≥65 years). Despite this, women have higher rates of stress, anxiety, depression, non-fatal chronic conditions, and are more likely to encounter violence than men.[@R23] In addition, there is a disparity in social equality between men and women, women in general experiencing less advantage. However, evidence shows that factors, including biological, behavioural,[@R24] health awareness and risk perception,[@R25] could explain these differences. Women are more likely to follow health recommendations and have a higher risk perception.[@R26] For instance, in our study a higher proportion (50.8%) of women never smoked compared with men (38.9%). Conversely, 7.3% of men never used health services over the last 12 months before the baseline compared with 4.1% of women. In addition, men tend to be less adherent to medications.[@R27] Although public health interventions may not address biological factors directly, such as testosterone,[@R28] gender and other related factors could be focus areas for interventions to decrease the higher risk of mortality in men.

In our study, separated/divorced participants had a significantly lower risk of mortality than those who were married/partnered. Previous studies have consistently shown that married individuals (particularly men) had a lower risk of mortality and were more likely to report better health compared with unmarried counterparts.[@R29] This differences could be attributed to differences in quality of relationship,[@R31] selection of participants,[@R32] dynamicity of marital status,[@R30] study design and model specification. One of the drawbacks in previous studies that investigated the association between marital status and mortality has been lack of comprehensive data that can be used to handle confounding and mediating effects of the aforementioned characteristics.[@R31] In the current study, we were able to specify our model by incorporating comprehensive characteristics of participants, including metabolic, mental health and chronic conditions. In addition, stressful and unhelpful spousal behaviours could be another explanation for the difference[@R32] on which we did not have data.

Subgroup analyses by age revealed similar association pattern between marital status and mortality in participants \<65 and ≥65 years of age, but without a statistical significance. The insignificant association could be due to inadequate sample size. The association between marital status and mortality remained significant in men but not in women. Studies have shown that the association between marital status and mortality was stronger in men than women but with beneficial effect of enduring marriage,[@R33] unlike the current study. Although inadequate sample size could be one of the explanations for our finding, other factors, such as a higher economic responsibility and associated stresses in married/partnered men than women, could explain the finding.

A higher annual household income was strongly associated with a lower risk of mortality, particularly in participants less than 65 years of age. There are continuing challenges of health policies as a result of socioeconomic inequalities, especially income differences. The impact of income inequality on morbidity and mortality exists in high-income countries.[@R4] There is an association of socioeconomic inequalities with behavioural and other determinant factors of health in the Western countries.[@R21] In our study, the extent of an association between income and mortality that was explained by other factors varied by population subgroups. In addition, our model that included only sociodemographic characteristics explained 71.5% of mortality. This implies that most of the differences in mortality risk are explained by social inequalities. Hence, addressing these social inequalities could reduce significant portion of premature deaths. Much evidence has accumulated to support social interventions as key to improving health outcomes. Despite that the healthcare delivery model has little changed over the past decade. As evident by our findings, tailored approaches are key in addressing health consequences of social inequality and it is time to move from observation to intervention.

Behavioural predictors {#s5-2}
----------------------

A higher risk of mortality was seen in current smokers and former women smokers. In addition, the association between smoking status and mortality was stronger in women than men. On the other hand, our study showed that the proportion of smokers was higher in men than in women. This suggests that even though women have less risk-taking behaviour[@R35] and better risk perception[@R25] than men, mortality risk associated with unhealthy behaviours is higher among women. Corroborated with the current study, evidence shows that women have a higher risk of morbidity and mortality associated with smoking.[@R36] A study in Australia, however, reported a similar strength of association between current smokers and mortality for men and women.[@R37] However, the study did not fully adjust for potential confounders, including physical activity and chronic conditions. We also found a stronger association between being current smoker and all-cause mortality in the younger age group (\<65 years) compared with the older age (≥65 years). This may be explained by survival bias. In addition, in 2017/2018, the Australian Health Survey indicated that the prevalence of smoking gradually increased with a peak at the age of 45--54 years in both sexes, and then steadily declined onwards.[@R38] In our analysis, we adjusted for lung function, which could account for the association between smoking and all-cause mortality or vice versa.

Moderate, but not vigorous, physical activity was associated with reduced risk of mortality. In line with our finding, a meta-analysis indicated that, compared with living a sedentary life, a moderate physical activity had a strong association with low risk of all-cause mortality. However, there was a minor additional risk reduction with further increase of activity level.[@R39] This indicates that vigorous exercise could improve physical fitness but the benefit in terms of reducing all-cause mortality is minimal. On the other hand, reverse causality could explain our finding. Individuals who had known they had a higher risk of, or already had, chronic disease are more likely to do vigorous exercise than those who did not. In the subgroup analysis, the association between moderate exercise and reduced risk of mortality remained significant among participants older than 65 years but not in the younger age bracket.

In general, from the current study, it is evident that socioeconomic factors were more important than other factors in predicting mortality at all age and particularly among younger participants. In participants less than 65 years of age, sociodemographic factors explained 52.6% of our model compared with 39.4% in those greater than or equal to 65 years. However, behavioural factors could be more important than socioeconomic factors in older people unlike younger age. For instance, evidence has shown that older people gain more benefit from physical activity than younger individuals.[@R39] It has been reported that physical activity in aged people improves efficacy (defined as the energy output/energy input or watts/oxygen consumption (Vo^2^) compared with young subjects, although older individuals have lower exercise efficiency and capacity (measured by Vo~2~).[@R40] A previous study demonstrated that even low PAL, compared with sedentary level, was associated with 22% reduction of all-cause mortality among people older than 64 years of age.[@R41] Our study along with other previous studies suggests that interventions to increase physical activity to moderate level among the elderly is an effective strategy to reduce mortality.

Metabolic predictors {#s5-3}
--------------------

Compared with participants with normal BMI, those who were overweight had statistically significant reduction of all-cause mortality risk although a recent study in the UK has reported that normal BMI is associated with reduced risk of mortality.[@R13] However, other studies consistently showed that overweight individuals had a better survival advantage compared with those of normal weight.[@R42] Reverse causation and confounding bias (particularly smoking) could explain the differences in findings. However, the sensitivity analysis that excluded smokers and those with short follow-up demonstrated that the association remained similar to the main analysis.

We observed heterogeneity in the association between BMI and all-cause mortality in different population subgroups. The association was not statistically significant in men and participants younger than 65 years of age. This could be due to small sample sizes in the subgroup analysis. Another explanation could be due to the fact that age and sex could modify the association between BMI and all-cause mortality risk.[@R13] On the other hand, this could indicate that the importance of nutritional reserves in older age. Further, improved treatments for diseases, particularly for CVD, may have greater effect at higher BMI.[@R44] However, the likelihood of reverse causation is higher in older age groups. Due to increased prevalence of chronic diseases in older age and associated muscle mass loss, the use of BMI as a measure of adiposity may not be appropriate.[@R12]

This study is not without limitations. First, we were not able to include dietary information in our model because we did not have data at baseline. Second, data on mental health, depression and CVD were self-reports of a doctor diagnosis. The participants could have concealed conditions that were not diagnosed by doctor, although these conditions have apparent symptoms unlike other conditions, such as diabetes. Third, there could be changes in participants' characteristics after the baseline data collection. We were not able to take an account of these changes. Fourth, our analysis by region of residency (North and West) was not based on accurate geographical information. Lastly, unmeasured and residual confounding bias cannot be excluded.

In summary, this study, unlike most of the previous studies, included a comprehensive set of mortality risk factors, including metabolic, clinical and mental health predictors. It demonstrates that socioeconomic factors are the most important predictors of all-cause mortality in a community-dwelling population (particularly in young age bracket) followed for a long period of time. In addition, we found that the predictors of all-cause mortality could vary by subgroup population. This implies the need to address social inequalities to address premature deaths in communities. Addressing avoidable mortality in communities will require innovative strategies to deal with the challenging and significant problem of social inequality.
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